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1. Introduction 
I n  s p i t e  of the need t o  devote most  of our time t o  the develop- 
mental work of the wheat s e e d l i n g  experiment i n  the b i o s a t e l l i t e  
Pro jec t ,  we have been ab le  t o  complete some auxin s tud ie s  with green- 
house p lan ts .  This work was expedited by the provision of improved 
f a c i l i t i e s  i n  the new Gilman Life Sciences Laboratory where we have 
modern equipment , use of control led environment chambers f o r  plant  
growth, and e a s i e r  access t o  e lec t ronic  instruments and the time- 
sharing system of the Dartmouth G. E. Computer. 
The auxin s tudies  have resu l ted  in the publ ica t ion  of 2 s i g n i f i -  
cant t echn ica l  papers, a d d i t i o b a l  evidence f o r  some poin ts  reported 
i n  these and e a r l i e r  papers on auxin t ranspor t ,  and an a c c w l a t i o n  
of evidence f o r  a t h i rd  paper t o  be submitted soon f o r  publ icat ion.  
The s c i e n t i f i c  evidence f o r  auxin cont ro l  of o r i en ta t ion  i n  wheat 
seedling organa with reference t o  g rav i ty  has a l s o  been published i n  
a fou r th  paper t h a t  descr ibes  the method used i n  the b i o s a t e l l i t e  
p ro jec t  t o  grow seedlings w i t h  t h e f r  r o o t s  f r e e  of a dense subs t r a t e .  
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A by-product of d i f f i c u l t i e s  encountered during the summer of 
1966 while attempting t o  germinate wheat seeds within the f l i gh t - type  
hardware has opened up a new f i e l d  i n  growth research.  
month search f o r  the cause of f a i l u r e ,  e l e c t r i c  heater  blankets  
around the growth chambers were found t o  inh ib i t  seed germination. 
The e f f e c t  seems t o  be an interference w i t h  cell div is ion .  A l e s s  
severe r e s t r i c t i o n  of p lan t  growth has  a l s o  been demonstrated f o r  
low-gauss magnetic f i e l d s ,  an e f f e c t  t h a t  may be r e l a t e d  t o  that from 
the  hea ter  blankets.  Both e f f ec t s  a r e  unknown t o  science within the  
ranges of eners ies  ava i lab le  f o r  in te r fe rence  w i t h  growth processes a 
Adter a 2- 
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2. Publication of Paper on Geotropism 
Our paper on the downward t ransport  of auxin ( indoleacet ic  a c i d )  
by g r a v i t y  during the foriimtion of zeotropic  2rowth curvatures i n  a 
vascular p lan t  was published i n  the January, 1965, issue of Plant 
Physiology. The t i t l e  was "Auxin '-'ransport i n  Geotropic Curvatures 
of a Branched Plant" .  Reprints were furnished w i t h  the semi-annual 
'. 
r epor t  of hiarch 18, 1965. 
3. Completion and Publication of Axial  Curvatures Paper 
The importance of g rav i ty  i n  maintaining an e r e c t  axis i n  most 
t e r r e s t r f a l  p lan ts  was f i r s t  noted by us i n  a sho r t  paper i n  Science 
i n  1962. It described previously unreported curvatures t h a t  form i n  
a x i a l  stems which grow while the  p lan ts  a r e  being ro t a t ed  about t h e i r  
hor izonta l  axes. During the subsequent 3 years v~e used our system of 
applyin2 rad ioac t ive  auxin ( I A A - C 1 4 ) ,  ex t rac t ing  the products of i t s  
degradation, and assaying the C14 w i t h  a l i qu id  s c i n t i l l a t i o n  counter 
t o  e s t a b l i s h  the bas i s  f o r  the unequal growth on opposing s ides  of the 
a 
axis. 
Vie found t h a t  a large excess of the rad ioac t ive  a n i n  was t rans-  
ported t o  the convex s ide of a curved stem. 
correlated with z r e a t e r  inbalances of the  growth hormone, 
cor rec ts  imbalances in auxin suppl ies  and i n  uneven t ransport  of auxin 
from a terminal supply. The method of cor rec t ion  i s  t h a t  reported f o r  
geotropic curvatures - l a t e r a l  t ransport  of the  I A A  t o  an even 
Sharper curvatures were 
Gravity 
s 1Qht  ly lower s ide  . 
The downward t ranspor t  ac t ion  of g r a v i t y  has the add i t iona l  e f f e c t  
of moving auxin downward a s  f a r  a s  the r o o t s  when the supply i s  s o  
abundant t h a t  some auxin can reach the r o o t s  before i t  i s  degraded In  
the t ransport  t i s sues .  
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, movement, as  on a hor izonta l  c l inos t a t ,  some t i s sues  i n  long, immature 
internodes s e t  so  l i t t l e  of the auxin t h a t  the growth zones f a i l  t o  
elongate a s  r a p i d l y  a s  corresponding t i s sues  do i n  e r e c t  sterns. 
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These l i n e s  of evidence f o r  a s ign i f i can t  e f f e c t  of g rav i ty  on 
the growth of e rec t  plants  were combined in  a paper on "Action of 
Gravity on Basipetal  Transport of  Auxin". 
September, 1965, i s sue  of Plant  Physiology, Reprints of t h i s  paper 
It was published in the  
have been i n  such g rea t  demand by students  of auxins tha t  the supply 
i s  now very low but copies were sen t  e a r l i e r  t o  the  IJASA Office o:? 
Grants and Contracts.  
4. Retarded Axial  Growth on C l inos t a t s  
Our publisbed evidence f o r  re ta rded  growth of internodes t h a t  
develop on  horizontal  c l i n o s t a t s  was obtained w i t h  seedling tomatoes 
and Torenias. Data used f o r  the  paper on bas ipe t a l  t ransport  included 
measurements f r o m  a group of 10 tomato plpnts  t h e t  were kept h o r i -  
zonta l  f o r  6 neeks. 1m have since confirmed the s tunt ing  e f f e c t  by 
2 r e p e t i t i o n s  of the tomato experiment. The number of nodes and in-  
ternodes r emined  the sane in e rec t  and c l i n o s t a t  p lan ts  f o r  the 
6-weeks per iod  but extension of the growth period resulted in  the pro- 
duction of more new Snternodes on the e r e c t  p lan ts .  The d i f fe rence  
a 
was probably due t o  much greater  leaf  surfaces  on the cont ro l  p l an t s  
and the r e s u l t a n t  more energy and materiala for making new t i s s u e s ,  
bilililar work with seedling Coleus plants  f o r  3 months duriilg L c  
summer of 1965 f a i l e d  t o  confirm the production of shorter  internoc 'es  
on c l i n o s t a t s ,  The p lan ts  were grown, however, from a mixed lo t ;  of 
seeds and longer internod-es developed i n  e r e c t  seedl lngs of on ly  a 
few v a r i e t i e s .  The other s t r a i n s  grew with such short internodes t h a t  
the  endogenous mechanism f o r  the b a s i p e t a i  t r a i i s p o r t  t"8s Si;parer,tlg 
e 
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. s u f f i c i e n t  t o  provide auxin t o  a l l  l eve l s  of the immature internodes,  
regard less  of the o r i en ta t ion  t o  gravi ty .  
A l a t e r  t es t  w i t h  seed of 8 "Red" var i e ty  of Coleus was conducted 
from Nov. 3, 1965 t o  Jan. 3, 1966. This v a r i e t y  was chosen because 
the p lan ts  had r e l a  t i v e l y  fong internodes during the e a r l y  periods 
of growth f r o m  seed. O f  10 t ransplants  a t  the 2-leaf s tage,  5 were 
a t tached  t o  a 1 rph c l i n o s t a t  and the other 5 l e f t  t o  grow as  e r e c t  
cont ro ls  on the  same greenhouse bench. The p l an t s  w i t h  hor izonta l  
stems grew more slowly and had develpped pronounced a x i a l  curvatures 
a f t e r  2 months. The bene f i c i a l  e f f e c t  of g r a v i t y  on b a s i p e t a l  t rans-  
por t  i n  stems was thus confirmed w i t h  a th i rd  species.  
Sections from some of the internodes from e r e c t  and c l i n o s t a t  
p lan ts  were f ixed  i n  February, 1966, and preserved f o r  anatomical 
study. Then time permits we s h a l l  cu t  longi tudina l  sect ions of' each 
pos i t i on  of growth and make microscopic measurements of c e l l s  i n  tk-e 
in te rnodal  t i s sues  . Vie s h a l l  be looking f o r  quan t i t a t ive  d i f fe rences  
in  c e l l  elongation between the longer internodes of the erect stems 
and the shor t e r  internodes of the hor izonta l  stems. We made a pre- 
l iminary r epor t  of this condition i n  tomatoes (Plant Physiol.  40: 953- 
961. 1965) and have i n  s toraze  more such tomato t i s s u e s  a s  wel l  a s  
those from the "Red" Coleus. 
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5. Slow Transport of Radioactive Auxin i n  Horizontal  Stems 
To re inforce  our evidence for a g rav i ty  e f f e c t  on the movement 
of auxin through a stem, w e  have conducted a s e r i e s  of tes ts  t o  t r a c e  
the  movernent of rad ioac t ive  auxin ( LAA-C14)  through de fo l i a t ed  axes 
of t a l l  Coleus plants .  The auxin i s  appl ied t o  the decapi ta ted end 
e of the s t e m  where the tagged compound en te r s  f r o m  a cap of l ano l in  
paste .  The downward movement of the  radiocarbon i n  tne auxin i s  
5 
. t raced by assays of ex t r ac t s  f rom the upper nodes and internodes,  eaah 
a t  a measured dis tance f r o m  the auxin souroe, 
For a s ing le  t e s t ,  15 potted p l an t s  each w e  used t o  aupply $he 
e 
auxin t o  Coleus stems ereo t  o r  on c l i n o a t a t s .  After 2 day8 ip a dark 
room, the stem t i s s u e s  are  removed, weighed, diced and stored i n  a 
deep f reeze  f o r  l a t e r  ex t rac t ion  and radioassay. 
The data  and mater ia l  from 8 such t e s t s  have been oollected,  
Assays of pa r t  of the mater ia l  have been made. 
completely analyzed but they seem t o  agree i n  the demonstration of 
more auxin and i t s  metabolic products i n  the stems that viere ho r i zon t s l  
during the 2-day periods of auxin t ranspor t  toward the r o o t s ,  
The data  have not  been 
6. Tumbling vs, IIorizonta,$ - RotaCion 
It i s  general ly  agreed that the  cont inual  hor izonta l  r o t a t i o n  o? 
0 a growing p lan t  prevents the development of a geotropia curvature i n  
a growth zone because the receptor t i s s u e  is turned t o  a new orienta-  
t i o n  w i t h  gravity before the  chain of events of the preaentat ion 
period has been completed. 
a g r a v i t y  vector prevents the m l t i l a t e r a l  st imulus f r o m  being ef-  
f e c t i v e  for s t i i m l a t i o n  of unbalanced growth. 
The constant i n t e r rup t ion  In reaot ion  t o  
I f  t h i s  cont inual  change i n  o r i en ta t ion  is the  cause of the f a i l -  
u re  t o  respond t o  the s t imulus,  the same r o t a t i o n  e f f e o t  should be 
,-reduced by tumbling t h o  p l an t  end o v e r  end about R point outside the  
reZions of receptor t i s sue .  
other  f ac to r s  can be avoided with experiments i n  a dark room a t  a 
conatant temperature 
Possible imbalance i n  i l luminat ion and 
We have used the  Srowth curvatures of branch epinasty i n  Coleus 
f o r  b ioas say  of comparative e f f ec t s  of the 2 methods of plant  r o t a t i o n .  
Plants  were cultured f o r  2 branches each and se lec ted  i n  groups of 10 
* 
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. f o r  branch length of 10 t o  20 cm, The 20 branches were de fo l i a t ed ,  
the t i p s  cut back t o  the  f i r s t  f i rm node, and a (gap of  1;; IAA i n  lano- 
l i n  appl ied t o  the f r e s h l y  cut  end of each branoh, 
l a r  pos i t i on  of each branch was then recorded on paper by the  syateir. 
of shadowgraph t racings previously described for our s tudy  of epinasty,  
"ha i n i t i a l  anzu- e 
The 10 p lan ts  were at tached i n  2 s e t s  of 5 each t o  a o l i n o s t a t  
t h a t  turned a t  6 rph ,  with the axes of the p lan ts  e i t h e r  hor izonta l  
o r  a t  r i g h t  angles t o  the  axis of revolu t ion ,  The pot ted p l an t s  i n  
the second pos i t i on  were he ld  i n  special cradles  t o  avoid displacement 
a s  they turned end over end with the  paired branches or iented either 
i n  the plane of r o t a t i o n  or  normal t o  t h i s  plane,  
Each s e t  of measurements of ep inas t i c  curvatures i n  the branches 
was made a f t e r  12 hours of r o t a t i o n  i n  darkness a t  24.5 k 0 , 5 O  C. 
The second s e t  of branch position t rac ings  was made on the same sheet 
a s  the f i r s t ,  uf th  the t racings of f ixed  reference stakes superimposed. 
The angle  between tangents drawn t o  the i n i t i a l  and terminal pos i t i on  
t rac ings  was used as  a measure of  the imbalanoe of growth during the 
r.0 t a  t i o n  . 
I f t e r  the p l an t s  had been l e f t  e r e c t  t o  g r a v i t y  i n  the sane dark 
room for 24 hours t o  permit growth adjustment of the branches t o  t > i ? L ?  
p lagiotropic  pos i t ions ,  the 10 pa i rs  of branches were used f o r  a 
second t e s t ,  e i t h e r  with a change of o r i e n t a t i o n  or  w i t h  the same 
yos i t ions  of the p l an t s  for duplicate  measurements. In  a l l  cases t h e  
number of 12-hour periods of rotated growth with ep inas t i c  curvatures 
was divided equally between day and night  hours f o r  any one pos i t i on ,  
s ince the growth r a t e s  of the branches were always g rea t e r  during the 
per iod  between 8 p .  m. and 8 a .  m. 
Table 1. Epinast ic  curvatures on hor izonta l  c l f n o s t a t s  . 
and tumble wheels. Qata a r e  means of 80 measure- 
ments f o r  each t e s t ,  
Rotation method Mean curvature i n  12 hours 




70.2 f 4.7' 
78.5 -t, 5.7' 
76.2 t 5.6' 
s e r i e s  2 - Feb. 8 t o  :;arch 9 
Kor iz onta 1 87.2 f 4.6O 
iio t a  t ion tumble 81,6 +, 4.9' 
The r e s u l t s  of 2 ser ies  of experiments are shown i n  Table 1 above. 
'Z'he greenhouse p lan ts  of the  f i rs t  s e r i e s  were growing l e s s  vigorously 
than those of the second s e r i e s  f o r  which the dayl ight  hours i'rere also 
longer. 
showed a lack of p o l a r i t y  e f fec ts  i n  the pa i red  branches and l e f t  
only the question of benef i t  f r o m  using a c l i n o s t a t ,  
' The s imi l a r  resul ts  f o r  the 2 or ien ta t ions  of tumbled p lan ts  
Since there  were no s ign i f i can t  d i f fe rences  among the 5 s e t s  of 
t e s t  p l an t s ,  the tumblin; motion proved t o  be a s  e f f ec t ive  a s  r o t a t i o n  
i n  the hor izonta l  pos i t i on  for preventing l a t e r a l  t ransport  of auxin 
by grav i ty ,  A tumbling system could be used e i t h e r  alone o r  i n  COM- 
b inc t ion  wi th  the t r a d i t i o n a l  c l i n o s t a t  but r o t a t i o n  about the hor i -  
zonta l  axis of the  p l a n t  rennins the more convenient method f o r  most 
s tud ies  of geotropism and the d i s t r i h t i o n  of growth regula tors ,  
This evidence and analysis w i l l  be submitted f o r  publ ica t ion  i n  
a s u i t a b l e  journal  a s  soon as our time permits,  
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7, B iosa t e l l i t e  Work 
0 An increasingly la rge  proportion of our time has been devoted t o  
refinement of the wheat seedling experiment i n  the  B i o s a t e l l i t e  Project .  
After the f l ight- type hardware was fabr icated,  the biocompatibi l i ty  
t e s t s  required p r a c t i c a l l y  a l l  our a t t en t ion .  
The major p a r t  of the tes t ing  program was ca r r i ed  out a t  the 
Philadelphia f a c i l i t y  of the  General E l e c t r i c  Company durinz the 
apring and Summer of 19G6. 
the  package and i t s  capaci ty  t o  contain the experiment within the 
spacecraf t ,  the  s e r i e s  of tes ts  and the many delays between s ing le  
t e s t s  provided an  opportunity t o  work c lose ly  w i t h  members of the 2 
other  groups of experimenters who a re  using the wheat seedlings f o r  
t h e i r  s tud ie s .  
In addi t ion t o  proving the s t a b i l i t y  of 
Our combined e f f o r t s  developed dependable techniques for growing 
We worked out an acceptable s e t  of s teps  ( see  the uniform seedl ings,  
a t tached repor t  f o r  contract  NAS2-1558) t o  follow i n  preparing the 
mater ia ls  and plant ing the wheat seeds f o r  the f l i g h t  experiment, I n  
the course of severa l  simulated launches, we establ ished a f i r m  time- 
t ab le  f o r  loading and closing the package a t  the co r rec t  time i n  the 
master plan f o r  put t ing the payload i n  the spacecraf t .  O u r  "standing 
ins t ruc t ions"  were developed and t e s t e d  from the s t a r t  f o r  s i m l t a n e -  
ous del ivery  of the " f l i g h t "  and "back-up" pacgages a s  required for 
the actual launch procedure, 
R de ta i l ed  descr ip t ion  of this b i o s a t e l l i t e  work through the 
month of him, 19E6, is a t tzched  8s a supplement t o  this  repor t .  
A copy of a published technical  paper concerning the experimental 
method and auxin physiology of wheat seedling growth a i th in  the bio- 
s a t e l l i t e  package i s  also attached, 
r ecen t ly  (September, 1966) in  the June issue of Plant  Physiology. 
e 
This paper was published only 
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I ts  ana lys i s  of seedling organ o r i en ta t ion ,  both e r e c t  t o  grav i ty  
and during r o t a t i o n  on a hor izonta l  c l i n o s t a t ,  suppl ies  the physio- 
logical bas i s  and considerable “vaseline da ta  f o r  judzins the e f feo t  
of vefght lessness  on a c h a r a c t e r i s t i c  phase of p lan t  growth a s  it 
0 
w i l l  be t e s t e d  i n  the coming o r b i t a l  f l i g h t  of the  experiment. 
The t e s t i n g  program f o r  t h e  months of July and August was en- 
livened but  delayed by f a i l u r e  of the  wheat seedlings t o  grow well  
durinz the f i r s t  t e s t  of the experiments f o r  3 days within the f irst  
of 3 spacecraf t  b u i l t  for the project .  Since t h i s  was a thermal- 
vacuum t e s t  of the systems that maintain the environment of the 
vehic le ,  and because the  very poor germination of the seeds was r e -  
s tored  t o  a normal condition by subsequent r e t u r n  of the  package t o  
room temperatures, considerable time and e f f o r t  was expended on con- 
f i rmat ion  of the temperature readings a s  reported from the thermal- 
@ vacuum t e s t s .  Secondary and repeated t e s t a  w i t h  c a re fu l ly  cont ro l led  
tempera tures  produced only retarded growth of the  seedlings a t  temper- 
a tu re s  known from our e a r l i e r  work t o  provide f o r  the growth of nmch 
longer seedling organs , 
In cooperation w i t h  t he  d i r ec to r s  of the t e a t s ,  we remained a t  
the Philadelphia laboratory all sumer t o  a i d  i n  t h e  search f o r  the 
obscure f a c t o r  t h a t  inh ib i ted  the seed germination, Late i n  August 
we discovered t h a t  the seeds f a i l e d  t o  germinate properly i n  our 
package only i f  the e l e c t r i c  current was flowinf; within the heater  
blankets  around the 4 growth chambers , 
of the spacecraf t  was therefore  conducted without a c t i v a t i o n  of t h e  
heating units. 
l a s t  doubt of the readiness  of our experiment f o r  use i n  the  space- 
The f i n a l  thermal-vacuum t e s t  
The seeds germinated normally and thereby removed the  
e 
c . . (. c 10 
8 b 
I n  the dourse of the search f o r  the cause of the growth f a i l u r e s  
durin:; the thermal-vacuum t e s t s ,  we explored the p o s s i b i l i t y  t ha t  
seed germination can be inhibi ted by some magnetic f i e l d  e f f e c t  wlth- 
i n  the spacecraf t ,  We obtained some evidence f o r  r e t a rda t ion  of 
growth i n  a f i e l d  as l o w  a s  3 gauss, Since the f i e l d  produoed within 
the growth chambers by ;the e l e c t r i c  hea te r  blenkets measures only 
about 3 mill igauss ,  the came of the severe r e t a rda t ion  by ac t iva t ed  
heater  blankets cannot be a t t r i bu ted  t o  t h e i r  magnetic f i e l d .  It 
remains a mystery but the inh ib i t ion  must be due t o  some unknown 
-2hyeiczl e f f e c t  on the growth process. 
e f f e c t  i s  induced through an in te r rupt ion  of c e l l  d iv is ion  processes,  
We suspect t ha t  the adverse 
perhaps by preventing normal ac t ion  of the spindle  f i b e r s  durinz 
mitosis .  Whatever t h e  cause, the discovery of the e f f e c t  and subse- 
quent ana lys i s  of the cause and mode of ac t ion  should provide a s i g -  
n i f i c a n t  contr ibut ion t o  knowledge of the growth process i n  plent  
t i s sues .  We hope study the problem fu r the r  a t  a l a t e r  date .  
0 
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I. INTRODUCT IOl? 
e The second year of work t o  develop r e l i a b l e  hardware and tcch- 
c 
niques f o r  growing h e a t  seedlings within a 3hday sa te l l i t e  b c p n  w i t h  
s tud ie s  t o  improve t h e  culttucal techniques, introduced methods t o  stu;y 
t h c  physiology of organ or ien ta t ion  to grav i ty ,  and closed with 
c r i t i ca l  tes ts  of seedling grbbth within f l i g h t  hardware i n s t a l l e d  i n  
i t s  p lace  beside othcr  u n i t s  of t h e  spacecraf t ' s  payload. Active 
cooperation between the  3 groups of experimenters who will use t h e  
p l an t s  t h a t  grow i n  o r b i t  has produced a set of p lan t ing  procedures 
t h a t  now y i e l d  uniform seedlings.  
ings with the  supervisors of t h e  p re - f l i gh t  and launch arrangements 
have a l s o  enabled us t o  prepare acceptable sets of procedures f o r  t h e  
pr  c- launch and post -r ccovery operat ions. 
Close cooperation and several m e e t -  
Our method f o r  germinating a grass-type seed w i t h  t h e  co leop t i l e  
and roo t  t i p s  free of mechanical contacts  and obstruct ions has enabled 
us  t o  use our experimental da t a  on o r i e n t a t i o n  t o  analyze the  auxin 
physiology of seedl ing development w i t h  ref erence t o  geotropisin. :L 
t echn ica l  r epor t  of t h i s  study has been accepted f o r  publ icat ion i n  tlic 
September, 1966, issue of Plant Physiology ( a c t u a l l y  used i n  June issue). 
Biocompatability tests of the f l i g h t  package, conducted ou t s ide  
0 
t h e  spacecraf t ,  have es tab l i shed  the adequacy of t h e  hardware uni t  
but a ser ious  r e t a rda t ion  of seed germination appeared when t h e  packagc 
~7as  used f o r  a 3-day growth test within t h e  spacecraf t  while t h e  cap- 
sule w a s  held within a thermal. vacuum test chariber, The d i f f i c u l t y  
appears t o  involve e i t h e r  e l e c t r i c a l  f i e l d  effects from equipment 
within t h e  t es t  chamber or temperatures much lower than those recorded 
by t h e  system used a t  t h e  General Zlectric f a c i l i t y  i n  Philadelphia.  
It was f i n a l l y  t raced t o  an unknown e f f e c t  of the heater blankets. 
I I . REF IiiEMENTS IN TECHN IQUES 
1.  Lateral Curvatures of the Primary Root 
0 In e a r l i e r  r epor t s  we  have described t h e  use of the side-view 
angle  of t h e  primary roo t  as a useful  c r i t e r i o n  f o r  measuring t h e  
effect  of grav i ty  on t h e  or ien ta t ion  of t h i s  roo t .  
a t i ons  of t he  root  have been noted t o  be appreciable when t h e  seedling 
grows erect t o  grav i ty  and very i r regular  when grown on a hor izonta l  
The lateral  devi- 
c l i n o s t a t  . 
Analysis of these  lateral va r i a t ions  from the  180° pos i t ion  (= 
s t r a i g h t  down from an e r e c t  embryo axis) has revealed t h a t  the mean 
deviat ion from 180° is cons is ten t ly  much g rea t e r  when t h e  geotropic  
e f f e c t  of g rav i ty  i s  lacking. Table I shows the  d i f fe rence  f o r  2 sets 
of t es t s  made during a 5-month period in 1965, w i t h  germination i n  
darkness a t  77O F. f o r  72 hours a f t e r  soaking of seeds f o r  4 hours. 
Table  I. Var i ab i l i t y  in  Lateral Deviation of Primary Root 
' O D  Of Mean Curvature & S.E.  Eange of Neans Growth Pos i t  ion T e s t s  
Erect 27 9.0 +, 0.4 5.4 - 13.1 
Clinos t a t  30 39.6 +, 3.1 14.2 - 79.0 
The use of t h i s  v a r i a b i l i t y  in lateral curvatures of t h e  primary 
r o o t  corresponds exac t ly  with t h e  p r a c t i c e  reported earlier for t h e  use 
of such curvatures i n  t h e  co leopt i le .  This new c r i t e r i o n  holds even 
g r e a t e r  promise f o r  ana lys i s  of t h e  r e s u l t s  of t h e  o r b i t a l  experirnent. 
The co leop t i l e  shows only small curvatures  i n  t h e  absence of a geo- 
t r o p i c  response unless  t he  length exceeds 7 o r  8 rm. but t h e  primary 
root alv7ays grows long enough, even i n  48 hours, t o  produce l a t e r a l  ' displacement of the t i p  by many degrzcs from the  180° pos i t ion .  
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The reason f o r  t h e  g rea t  va r i a t ions  i n  t h e  growth rates on the  
s i d e s  of t h e  primary r o o t  i n  the  p l a n e  of t h e  la teral  r o o t s  must be 
sought in  t h e  growth con t ro l s  within t h e  c e n t r a l  roo t .  
reduces t h e  growth curvatures t o  less than 5 degrees on the  2 s ides  of 
t h e  ver t ical  axis, appreciable imbalances of auxin t ranspor t  i n  t h e  ab- 
sence of a grav i ty  e f f e c t  a r c  t h e  most probable cause f o r  t h e  curva- 
t u r e s .  Variat ions i n  t h e  imbalance between individual  r o o t s  would 
account for t h e  grea t  range of mean l a t e r a l  curvatures (cf. Table I). 
If t h e  v a r i a t i o n s  i n  auxin d i s t r i b u t i o n  occur within a s ing le  roo t  
dwLng t h e  course of i t s  growth f o r  48 t o  72 hours, they ~rould account 
f o r  the cases of changes i n  d i r ec t ion  of growth of a roo t  during such 
growth periods . 
0 Since gravi ty  
2. Growth Tests with Lower Temperatures and Long Holds 
During the  development work f o r  growing wheat seedlings i n  the 
0 spec ia l  seed s t a l k s  p r i o r  t o  July, 1965, w e  used a growth temperature 
of 7' F. as spec i f ied  for t h e  o r b i t a l  experiment. The length of t h e  
72-hour test  period, however, vas measured from t h e  t i n e  of plant ing 
the  soaked seeds. The resalt was t o  shorten t h e  growth period i n  com- 
parison with t h a t  of t he  3-day f l i g h t  which w i l l  s tar t  only af ter  a hold 
of several hours while t h e  rocket and spacecraf t  are being prepared for 
launch. 
lhen the  tentative %hour hold period was extended t o  a m i n i m u m  
of 8 hours,  with unce r t a in t i e s  about t h e  spacecraf t  and package ternpera- 
t u r e s  before and during o r b i t ,  we ca r r i ed  out  some tests with var ious 
temperatures and hold times. The lengths of seedl ing organs developed 
under several combinations of time and temperature conditions are shom 
i n  Table  11 on t h e  following page. 
0 
' Table 11. 72-Hour Growth of Wheat Seedlings a t  Dartmouth f o r  ' - -  
( lengths  in mm.; new tea ts  with vermicul i te  <40 & >80 mesh) 
Root Root 
Effeots of Temperature and Hold Time on Organ Length In Holder8 
Erect Seed, &Wry Left Right 
Coleopt i le  Root Temp. Hrs. Temp. o r  C l .  No. 
Growth Hold 
77 . o (oIB fests)~ or c 00 
72 0 E 11 
0 E . .  11 
I1 . 9 d c  15 
0 C 11 




11 1) 11 
, 77 n n  E 12 
E 11 
11 I1 C 15 
70 1 8 72 E 14 
' 11 11 n 
It 




77 " 72 E 11 
. n  75 E 11 . I1 
. n 11 E 12 10.0&1.3 31e9f2.0 21.3*1.8 22.3t1.5 
11 I I1 C i 4  i4.4ki.5 27.4f2.5 i8 .9f i . l .  1 9 . a  07 
0 Notes: Seedling: numbers of 11 or.12 represent  growth in 12-unit  holders .  
A hold of 12 hours is intolerable bemuse seedl ing  growth ha8 




The 5 tes ts  of r e f r i g e r a t o r  hold (43O F.) f o r  8 hours showed t h a t  
subsequent growth a t  e i t h e r  70° (no benef i t  from heat ing blanket) o r  
77O w a s  about t he  same as t h a t  ~ i t h o u t  a hold period. However, t h i s  
po in t  i s  unimportant because t h e  requirements f o r  launch preparations 
include spacecraf t  and package temperatures like those of later o r b i t ,  
With an 8-hour hold a t  a temperature abovo43' F. but somewhat be- 
low t h e  projected 77' F. ,  t he  subsequent 3-day growth produces longer 
r o o t s  and co leop t i l e s  a t  e i t h e r  the  spacecraf t  temperature of 70' F. o r  
t h e  possible  package temperature of 77O.  
t h e  length of t he  lateral  roo t s  and co leopt i les .  This i s  fo r tuna te  f o r  
o r i e n t a t i o n  measurements s ince c o n t a c t  of these  organs with t h e  w a l l s  
of t h e  chambers r a r e l y  occurs. The increased growth af ter  a hold of 8 
hours should a l s o  he lp  t o  produce s i g n i f i c a n t  o r i en ta t ion  da ta  from the  
f r a c t i o n  of t he  seed population t h a t  i s  slow i n  t he  e a r l y  s tages  o€ 
germination. Seedlings from these slow starters a r e  more l i k e l y  t o  bc  
of u s e f u l  s i z e  a t  t he  time of 48-hour f i x a t i o n  i f  t he  hold time i s  a t  
least 8 hours, 
The increased length of t h e  primary r o o t s  may produce more cases 
of roo t  t i p s  i n  contact with the s i d e  walls a t  72 hours but t h e  e x t r a  
losses  will not be se r ious  i f  the  o r b i t a l  growth has a pa t t e rn  c lose  t o  
t h a t  i n  c l i n o s t a t  experiments. 
view angle approximates goo a t  the 48-hour s t age  with a face-view angle 
less than about 20' from the  180' posi t ion.  
l a rge r  o r  smaller than about 90' p e r m i t s  considerable f u r t h e r  elongation 
of t h e  primary roo t  without contact with a chamber w a l l .  
The greater increases  are i n  
The contact i s  made only i f  t h e  s ide-  
A side-view angle e i t h e r  
Lxtension of t h e  hold t i m e  t o  1 2  hours d id  not increase the con- 
tacts of roo t  t i p s  with o ther  objects  when t h e  hold temperature ~7as 70°, 
6 
even when t h e  Growth temperature f o r  t h e  following 72 hours was a t  7'. 
The higher temperature f o r  Growth ac tua l ly  reduced t h e  mean roo t  grov.rth 
i n  2 t es t s  ( see  Table 11) but t h e  da ta  are i n s u f f i c i e n t  f o r  confidence 
on t h i s  observation. 
Grothh a f te r  a hcld temperature of 77' was not t e s t e d  because it 
cannot be a t t a ined  before launch. Holds longer than 12  hours vert also 
not  t e s t e d ;  t he  seeds had been immersed in water about 4 hours e a r l i e r  
and Zerminatior. had s t a r t e d  i n  some seeds a t  16  hours. Later work ( see  
scc t ion  IV below) showed t h a t  t he  presence of a very shor t  primary roo t  
before launch b r i l l  probably no t  prevent re -or ien ta t ion  according t o  the 
d i s t r i b u t i o n  of i t s  auxin but t he  hold period must be kept t o  a rniiiimm 
above Z hours t o  prevent the  germination time from exceeding 1 2  hours 
by a s i g n i f i c a n t  amount, 
i f  poss ib le  lest they affect  t h e  form and o r i e n t a t i o n  of r o o t s  t h a t  
develop a t  zero gravi ty .  
out cornpromisins the  experiment t o  some extent .  
Launch stresses on roo t  t i p s  must be avoided 
0 The hold period cannot exceed 1 2  hours with- 
3 .  Soak and I-Iold Times 
The extension of hold time from 5 hours t o  a t  least 8 hours a f te r  
t h e  seeds arc placed in t h e  f l i g h t  package forced us  t o  abmdon t h e  
p r a c t i c e  of soaking seeds for 4 hours before se l ec t ion  f o r  planting. 
'Ihile our schedule required over an hour t o  p lan t  a set of seed s t a l k s ,  
v7e reduced t h e  preliminary soak time t o  2 hours. 
h b i b i Z i o n  was i n s u f f i c i e n t  t o  rcplace much of t he  water i n  t h e  r ipcne4  
p a r t i a l l y  deliydrated seeds,  it vas d i f f i c u l t  t o  s e l e c t  t he  seeds tl-9.t: 
Since t h i s  period of 
would germinate promptly and produce per fec t  seedlings.  The nea~i 
length of seedl inc organs t7as also reduced. 
7 
:.'hen thc  speed of plant ing vas increased t o  a few minutes pcr  sccd 
stalk 2nd t o  about a half-hour f o r  each package, t h e  soak timc coulc '.I> 
increased t o  3 hours. Seed se lec t ion  has now become dependable f o r  c 
sermination of about 96%. 
h izh  but t h c  da t c  f o r  o r i en ta t ion  of r o o t s  remains adequatc af ter  c1i.i- 
i na t ion  of such seedlings from measurements. Coleoptile form i s  GWL- 
fec ted  and the  r e s u l t s  of a 3-hour soak period are acccptabls.  
j The number of imperfect seedlings rcrnsins 
4 .  SurDlus :iater i n  Chambers 
The Srowth of seedling roots  i n  moist air  requi rcs  thtz addi t ion  of 
Zxperiencc water t o  each growth chamber a t  the  s t a r t  of an experiment. 
has shovm t h a t  a supply in excess of t h a t  required t o  saturate t h e  a i r  
with v7ater vapor serves as a spec ia l  source of water t o  a p lan t  with a 
primary roo t  lor?:: enough and growing a t  the  proper anzle  t o  touch t h c  
f i l m  o r  pocket of watw, 
t i l e  and primary roo t .  A n  excess m u s t  a l so  be avoided i n  t h e  o r b i t a l  
cxpcriment because drops of water can c o l l e c t  anywhere i n  t h e  abscncc 
of Zravity.  
The r e s u l t  i s  abnormal length of i t s  coleop- 
0 
Tcsts with our growth chambers have shom t h a t  only about 1 -I:. 0: 
m C c r  is needed t o  s a t u r a t e  the  a i r  in a s m a l l  chamber and tbat  abovt 
2.5 nl. w i l l  provide 100% r e l a t i v e  humidity in  the  large clianbcr. 
These ainounts are not7 being used i n  our tests. 
earlier tests had already been corrected by omit t ing d a t a  f o r  a fct.7 
%cords of growth i-i 
oversize orcans when computing mean lengths.  
5. -..ubber C a m  f o r  Seed S ta lk  Arms 
The cai>pin=; systzm f o r  . x m s  of t h c  seed s t e l k s  h s  been developed 
c s  a t h i n  sheet of rubbsr held t i z h t l y  by a small l i za tu re  t h a t  prcsszs 
the sheet i n to  the ~ r o o v c  ncar the end of t h e  arm. The excess rubber e 
n 
U 
dam i s  cu t  away 15 th  sc i s so r s  before t h e  Capped s t a l k s  a r e  f i l l e d  with 
vermicul i te .  
In an e f f o r t  t o  malm the  capping process less laborious,  moldcd 
rubber caps were designed and supplied through the  Lunes Xesearch Center. 
The problcn v7as t o  prepare a cap with t h e  thickness ,  tension and elas- 
t i c i t y  found by experience t o  bc needed f o r  plant ing and holding t h e  
soaked seed. Several models were made and t e s t e d  but a l l  f a i l e d  t o  
scrvc as adequate replacements f o r  t h e  o lder  method of rubber patch and. 
ligature, 
6 ,  Unif ormitv of l lermiculite Pack 
A major f ac to r  i n  control l ing t h e  rate of wheat seed germination, 
with a l l  water reaching the  embryo through t h e  endosperm, continues t o  
be the  supply of water inside the seed s t a l k .  This supply i s  governed 
by the  c a p i l l a r y  capaci ty  of t he  vermicul i te  and a sustained flow of 
water i n t o  thc  seeds through continuous paths of moist vermicul i tc  t h a t  
must maintain contacts  with t h e  seeds. 
A j o i n t  study of t h e  problem with our a s soc ia t e s  i n  t h e  loading 
and i n j e c t i o n  of t he  s t a l k s  during t h e  period of tes ts  i n  Ih i l ade lph ia  
( c f .  Section V I )  has developed an effective system f o r  packing the  v x -  
micu l i t e  j u s t  f i rmly enough t o  r e t a i n  and de l ive r  w a t e r  a t  all lcvcis 
i n  t h e  s t a l k .  Uniformity of pack is a t t a i n e d  by a combination of tE2- 
ping and shaking t h e  s t a l k  as f ine ly  ground vermiculite i s  poured 
slowly kit0 t h e  upper end. 
a ,1:40 s o i l  s ieve  and must be s e t t l e d  f i rmly aga ins t  t he  rubber cap 9.L 
each dol-m-pointing a r m  a s  t h e  powder i s  a l s o  firmcd by tapping ~ ~ i t h i n  
t h e  center  tube. The only air  spaces l e f t  within a s t a l k  for3 a laby- 
r i n t h  of c a p i l l a r i e s  of  nearly equal diameters throughout t h e  Loadcd 
s t a l k .  
The particles must be small enough ?G -1q.r- 
7. Burninr, S l i t s  in  Rubber Caps 
In place of a s l i t  cu t  by f i n e  s c i s s o r s  i n  each of t h c  rubbsr c:,?c, 
t h c  hole  f o r  inserting a soaked seed is  now being burned o r  m e l t x i  b y  a 
hot  i ron  t i p ,  heated c l e c t r i c a l l y ,  
broad end of a wood-burning tool. 
0 
The t i p  vas f i l e d  dovm f r o m  t i z v  
3xpcriencc i n  c u t t i n s  the  slits t7ith t h e  new t o o l  has shovm cn 
incrcase i n  accuracy and speed of operation. 
uniform s i ze  and form and placed propcrly between t h c  center and 
IiupperI1 r in  of cach rubber cap, 
of a ~7et seed ~ ~ i t h o u t  danCer of enlarzing t h e  hole  except by s t r c t c h i n c  
of t h c  rubber t h a t  r e t a i n s  an even, f i r m  g r i p  on the  seed. 
The holes can be madc of 
Thc mclted edzes allot7 easy i n s c r t i o n  
8.  Iniect ion of Stalks 
The column of evenly paclccd vermicul i te  i s  in jec ted  with d i s t i l l c d  
watcr 17ith t h e  a id  of a 1 0 - m l .  syrinze and steel needle. 
set in  i? holder with t h e  arns  s t i l l  pointing up after t h e  s l i t s  havc 
bcen made in the caps and t h e  large Allen scre'~7 removed from the 
The s t a l k  i s  
i; lov7er '1  2nd. , now uppermost . 
Injcctioil  i s  s t a r t e d  i n  t h e  opposite end of t he  vermicul i tc  C o I t t : ~ ?  
a f ter  in se r t ing  t h e  needle deep i n t o  t h e  s t a l k  through the s l i t  in t l x  
cap of t he  arm neares t  t h a t  end. 
c a p i l l a r y  water, the syringe needle is inserted prozressivcly i n t o  t h c  
higher a r m  and f i n a l l y  into the  open end of the  stalk. 
As a i r  is forced s1ob71y upward by tl.--c 
Thz in j ec t ed  stall: is then immersed, arms s t i l l  po in t in s  up, f o r  3 
f e b 7  hours i n  a cyl indcr  of d i s t i l l e d  water. 
v 7 i l l  escape through t h e  punctured rubbcr caps, leaving a continuous 
The last f c v 7  a ir  bubblcs 
sys tcn  of c a p i l l a r y  watcr v7itliin t h e  sccd s t a l k .  
Thc systen i s  rcady for planting t h e  seeds i n  t h e  s l i t t e d  caps 




9. i4ore Lanolin i n  t h e  Sealant 
Thc groove i n  tlic v71ioat endosperm causes a gap in  the  contact  bc- 
twecn the  sced and t h e  rubber membrane, r'egardlcss of t h e  s i z c  and forn 
of t h c  holc  provided f o r  seed inser t ion.  Vater can escapc through thc  
gap, v i t h  the danzer of ser ious loss during v ib ra t ion  of t he  systoa.  
Pr ior  t o  t h c  Philadclphia t e s t s  we had been using a mixturc oC 
2.5  p a r t s  l anol in  and 1 p a r t  becsmx t o  f i l l  t h e  gap. Some of the 
scals m r c  dislodged during t h c  201 Vibration test a d  possible  losses  
of water supply were indicated by reduced growth of tho  seedlings on 
sonc s t a l k s .  Since t h e  lanolin-wax r a t i o  ir7as increased t o  4:1, tkc 
seals havc bccn vcry f i r m  and losses of water have not  been indicated.  
2c ten t ion  of t h c  seal has also been insured by more careful dryinc of 
t h c  rubber a t  t h c  points  where the melted sea lan t  i s  applied. 
10. Twin Camera Zaclcs f o r  Photo &cords 
O u r  records of seedling s i ze ,  form and organ o r i en ta t ion  ~ l r e  ii1ad.c 
on 35--m. color  f i l m ,  used later in  project ion t o  obta in  d r t a  f o r  
ana lys i s .  Loss of a base l ine  experiment by loss of f i l m  o r  by denafc 
done t o  it in processing ~ 0 U l d  be inconvenient; loss of t h e  only record 
of t h e  o r b i t a l  experiment and/or i t s  cont ro ls  would be ca tas t rophic  z.nS 
must be prcvcnted. 
To guard against such a loss, 4 improved models of our canera 
stand have been made, with one Pentax camera, s u i t a b l e  lens and coupled 
s t robe  l i g h t  attached t o  each when assembled f o r  use, Two of t he  s c t s  
~ T C  being used t o  record t h e  r e s u l t s  of t h e  tests a t  Philadelphia bc- 
f o r e  shiprxxit t o  Cape Kerincdy. There they vi11 bc used t o  obtair! dup- 
l i c a t e  records of t h e  cont ro l  experiments t h a t  grow while t h c  b iosa t c l -  
l i t e  i s  in o r b i t .  
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The o ther  2 camera racks were used f i r s t  t o  rccord t h e  r e s u l t s  of 
a s p e c i a l  spacecraf t  t es t  a t  l loffet t  Field.  
cquipment arc being talcen t o  t h e  recovery laboratory i n  Ravaii f o r  USC 
a t  t h e  end of t h e  f l i g h t  experiment. 
Thcsc s e t s  of photographic 
0 
The 2 sets of equipment a t  each terminal laboratory arc dupl ica tcs  
except f o r  t he  locat ion of t h c  45' mirror t h a t  provides an imagc of thc 
s i d e  vim7 of a row of seedlings bcing photographed in face v i a 7  i n  tlic 
same picture,  On onc camera rack t h e  mirror i s  set t o  show tlic l e f t  
s ide  of t h c  p l an t s  while t h e  mirror  on the  s tage  of t h e  o thcr  c~.xc'I";-' 
rack is on t h e  r i g h t  s i d e  of t h e  seed s t a l k  posi t ioning pins.  V ~ C : T T S  
of both s idcs  of each sccdling are des i r ab le  because the  pos i t ion  of a 
la teral  roo t  t i p  i s  somethcs screened from view from t h e  oppositc 
s i d e  of tlic p lan t .  
- -  
Tests of t h e  dual  system of records for experimental p l an t s  havc 
shovm t h a t  t he  scedl inzs  c m  be photographed so r ap id ly  on each camera 
rack t h a t  even t k c  r o o t  h a i r s  a re  undamaged i f  t h e  re la t ive humidity 
of tlic room is a t  75% or  higher. 
catc p i c tu re s  plan w i l l  be fur ther  preserved by developing t h e  2 f i lms  
a t  separate tines. 
0 
The insurance feature of t h e  dupl i -  
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111. US3 OF ST&IC Hl?,TWOD FO3 SEEDLIXGS OTHZ!?. THAET IJHZAT 
1 .  Growth Tests Vith O a t s  
The use of the Avena co leopt i le  fo r  the f i rs t  bioassay of a growth 
hormone i n  1926 plus  the extensive work with t h i s  organ ever s ince for 
auxin s tud ie s  has suggested that  oa t  seedlings might be better than 
wheat and other  g ra s s  seedlings fo r  a b i o s a t e l l i t e  experiment. Thc 
advantages of wheat over r y e  and bar ley w e r e  described on our r e p o r t  
of July, 1965. Similar tests with o a t s  have noc.7 shown that  wheat i s  
decidedly better in every respect f o r  quan t i t a t ive  experiments irithovt 
being a t y p i c a l  i n  the physiological processes that  are r c f l e c t c d  ir; i t s  
growth responses t o  the  environment. 
Before soaking t h e  oat seed and plant ing  it i n  the  wheat holc’crs, 
the h u l l s  were removed w i t h  some d i f f i c u l t y  from the largest p l U y i 2  
grains, Thc s e t s  of seeds were allowed t o  germinate (vrithout hold) i n  
darkness a t  77O P, f o r  72 hours, The growth was recorded and analyzed 
by the  procedure used for wheat, 
0 
The data of the 4 tests with established usage are shown i n  Table 
111 below. The co leop t i l e s  were longer and their  curvatures greater 
than f o r  wheat but many of the side-view angles vere negat ive on the 
c l i n o s t a t .  The roo t s  were a l l  r e l a t i v e l y  shor t  and sho~red only small 
differences i n  o r i en ta t ion  angles between erect and clinostat-groqm 
seedlings.  There i s  no d i s t i n c t  c e n t r a l  roo t .  The l e f t  and r i g h t  
roo t s  of the table do not act as lateral roo t s  and vary so much in 
the i r  o r i en ta t ion  angles tha t  the standard e r r o r s  of the means are 
prohib i t ive ,  
1 3  
Table ILI. Avena Seedfiings i n  Idheat Stalks 
(mean len&ths in mm: mean angles in degrees) 
Left Root Right Root Seed. Coleoptile Primary Root 0 No. Lath Face0 Sideo Lgth FaaeO Sideo Lgth Faceb Side' Lgth Face' Side' - w - - 
Erect 11 9&8 6,9 5.8 1?&0 176'3 1369 11.9 20h9 ? I I & R  13.8 165.9 19.9 
11 12 J - l t l~  6b6 7.6 1 h S  1%9 16r2 1,140 l88r6 19.9 12.6 161.4 31.8 
CUnostat 11 12,l 16'8 21.1 1h7 -x 2749 12.0 181r9 53.3 12.0 13k.2 h2.8 
I1 9 12.6 3b.8 18.6 17.6 4:- 20.7 16.3 190.!1 23.7 13.0 128.2 39.9 
Not significant %- 
Zxcept f o r  the s t rong response of t h e  co leop t i l e  t o  t h e  elimlna- 
t i o n  of a geotropic  response, the oa t  seedl ing would be less useful 
than either rye  or barley as a subs t i t u t e  f o r  t h e  wheat seedling. Tho 
sane tendencies t o  growth curvatures appear in the 4 organs of all 
these cereal seedl ings but t he  wheat seedl ing is superior  as an experi- 
mental p lan t  f o r  quan t i t a t ive  studies. e 
2. Holder Svstem for 0 icotvledonous Seedlings 
After earlier e f f o r t s  t o  germinate good seedl ings of the pea type 
i n  holders  with rubber membranes around the cotyledons, we  have re- 
turned t o  the  h O l l O t 7  wick system which w e  had developed about 2 years  
ago f o r  wheat. 
Dicotyledonous seeds but a sa t i s fac tory  source has been found i n  t h e  
form of white cot ton laces f o r  s k i  boots. Sect ions of them f i t  over 
the side a r m s  of the plastic tube holders  used f o r  wheat j u s t  p r io r  t o  
the type made f o r  the prototype package. 
holds t h e  water in  the stalks and t h e  co t ton  c l o t h  keeps the cotyledons 
properly w e t  . 
The c lo th  tubes must be la rger  to accommodate t h e  
The same f i n e  vermicul i te  
~~ ~ 
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Good Germination and growth of seedlings f o r  severa l  days has been 
obtained with vetch (Vicia v i l l o s a )  and Canada f i e l d  peas (Fisum sat i -  
yug var. arvense).  Thc seeds arc s t e r i l i z e d  chemically, soaked in 
water for severa l  hours, selected f o r  s i z e  t o  fit  t h e  c l o t h  tubcs,  aiid 
i n se r t ed  with t h e  r a d i c l e  s ide  outermost. A steel needle i s  passed 
through thc c l o t h  and cotyledons without injury t o  the growing poi i l t s  
of the embryo. 
The l a rges t  vetch seeds produce seedlings with ep ico ty ls  and sterns 
up t o  10 -ma. long. The roo t  systems are shor te r .  ?!hm zrovm on a 
c l i n o s t a t ,  t h c  primary root and ep ico ty l  make a c h a r a c t e r i s t i c  angle 
of less than SOo, without strong curvatures i n  e i t h e r ,  Secondary r o o t s  
develop i n  a fep7 days but t h e  leaves and hooked t i p  of t he  s t e m  are 
very s m a l l .  
Canada f i e l d  pcas nus t  bcsclected f o r  t h e  smallest seeds because 
t h c  cmbryo swells so much during t he  i nb ib i t i on  phase of germination. 
Ceforc c l an t inz  in t h c  wicks, the seed coa ts  are excised from t h c  
r a d i c l e  and ep ico ty l  region. This p a r t  of t h c  seed i s  l e f t  f r e e  02 
t h e  c l o t h  tube as the r e t a in ing  p i n  i s  inser ted .  The axis of t h e  
embryo can be or icntcd as dcsired t o  p e r m i t  growth of roo t  2nd shoot 
v i th  a m i n i m x i  of contact with other ob jcc ts .  
The sccdl inp vi11 grow i n  the  present model of holder f o r  zt 
least  days, A f t e r  about 5 days, the s t e m  is 4 o r  5 cm. long, bears 
a leaf and r e t a i n s  the plumular hook at the t i p  i f  t h e  plant  i s  tumcd 
on a c l i i i o s t a t ,  The primary root  i s  shor t e r  and bears sccondary x ~ t r  
a f t e r  the t h i cd  day. 
?:om a small mmber of t e s t s  with c l i n o s t a t s ,  we cannot descr ibe 
a pa t t c rn  f o r  growth form bcyond t h e  development of ~ r o v t h  curvatures 
il all cpicotyls  and primary roots. 
large enough froin the  sccond day on t o  p e r m i t  t h e i r  USC for cxpcrirnc:?ts 
with chenical  treatments and excision tests. !c would 1ikc t o  cont inuc 
experiments with thc  pcas, using them f o r  auxin s tudies  as time permit's. 
T?c have presented a proposal t o  grow them i n  an o r b i t a l  cxperincnt on 
sorile s a t e l l i t e ,  preferably one from which the seedlings can be rccov.3 
ered i n t a c t ,  
The diameters of thcsc organs arc 
1J) 
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I V  . PXYS IOLOGY OF SEZDL Ii?G OXGAK 02 IENTAT IO?? 
1, Apical Dominance of Primary Xoot 
e Thenever t h c  primary root of an e r c c t  wheat seedling does not 
elongate normally, it also f a i l s  t o  respond as usual  t o  the  fo rce  of 
Gravity. Growth curvatures alvays develop e a r l y  i n  a shor t ,  thick. 
organ. In thcsc  cases of a typica l  form and length,  t h e  semiilzl r m t s  
also f a i l  t o  grow a t  t h e i r  c h a r a c t e r i s t i c  angles;  they srow Wo~.m7arc'.':, 
much as the branches of 8 stem tend t o  replace the  leader v~hcii th;: t s r -  
Izlinal bud i s  injured or removed. 
Along with o ther  evidence tha t  t he  presence of t h e  indolcacet ic  
acid type of growth hormonc, and i t s  d i s t r i b u t i o n  in response t o  the  
fo rce  of Gravity, cont ro l  t he  or ien ta t ion  of t he  seedling r o o t s ,  t h c  
changes i n  t h c  roo t  p a t t e r n  of these a t y p i c a l  cases suggest a dominancc 
effect  of thc primary root  during normal germination of wheat. If the 
auxin physiology i s  s imi la r  t o  that es tab l i shed  f o r  ap ica l  dominance i n  
stems, growth hormonc supplied by the  elongating r o o t  may i n f  luzncc thc  
auxin supply o r  d i s t r i b u t i o n  within the  la teral  roo t s .  
C u r  attempts t o  inf luence the o r i en ta t ion  of these  r o o t s  by eb- 
s c i s s ion  of the primary root  have f a i l e d  completely t o  a l te r  the  growth 
pos i t ion  of la teral  roo t s .  The absence of absciss ion effects, i iomver ,  
does not  preclude an endogenous hormonal re la t ion between t h e  priinwy 
and seminal roots. Thc internal defec t  responsible  f o r  t h e  abnormcl 
p r h a r y  roo t  nay well cause the supply of auxin o r  auxin precursors C c  
bc d ivcr tcd  t o  t h e  seminal roots .  These r o o t s  appear t o  be lonccr than 
normal i n  the absence of a primary roo t  from t h e  s ta r t  but the patliv-rays 
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2. Treatments Vith 2xogenous Auxin 
In an a t t empt  t o  modify thc  growth r a t e  and/or t h e  o r i en ta t ion  of 
seedl inz  organs, a 1 %  emulsion of indoleacet ic  ac id  i n  lanol in  vas ap- 
p l i e d  t o  the  faces  of wheat embryos a t  the  48-hour s tage  i n  t h c i r  scr- 
mination. The t r e a t e d  seedlings wre grovrins with cont ro ls  on sccd 
s t a l k s  t h a t  1,rere e i t h e r  erect or  turning on a clinostat .  The s e t s  of 
secdl ings 1,rcre removed from tlic growth chambers only lonc enough for 
p ic tu rcs  and appl ica t ions  of t h e  paste with a g l a s s  rod. 
From p ic tu re s  of t h e  seedlings before and 2 4  hours af ter  t!ic auxia 
-- appl ica t ion ,  analyses were madc of roo t  length and or ien ta t ion .  !lo 
inf luence of t he  exogenous auxin could bc found, The vrork only served 
t o  confirm car l ic i l  observations t h a t  t h e  o r i en ta t ion  of a roo t  i s  dc- 
tcrmincd la rge ly  before thc  end of t he  second day of i t s  growth. Thc 
t e s t s  must thereforc  be rcpeated with earlier appl ica t ions  of t h e  auxin. 
i hga t ive  r c s u l t s  have a l s o  been obtained by applying t h c  auxin t o  
t h c  sur face  of il young root .  ihen a drop of 0.25% emulsion of t he  hor- 
moiic i n  l ano l in  was placed on the Itupper s i d e ”  of a half-grovm la tc ra l  
r o o t ,  it had no e f f e c t  on the  angle of r o o t  t i p  or ien ta t ion .  (,%en ap- 
p l i ed  in t h e  sane way t o  a roo t  only a few nun. long, the  roo t  c i t h c r  
gmr7 a t  t h c  same angle as before o r  growth vas checked abruptly.  
These tests must be repeated with young r o o t s  and weaker conce~it::r- 
t i o m  of auxin, 
due t o  bpc rmeab i l i t y  o r  lack of good contact  between the  lario1Frl mi. 
the surf acc of t h e  half -zrovm r o o t .  
The absence of an effect on o lde r  r o o t s  i s  probabl:,. 
3. iiaiultenance of Lrtlzular Grientat ion of Loots 
iiost of our measurements of r o o t  oz ien ta t ion  have been nade zftc::. 




a subsequent hold time t h a t  i s  now es tab l i shed  a t  about 8 hours. 
one s e t  each of seedlings w i l l  be k i l l e d  and f ixed i n  o r b i t  after 
growth periods of 48 and 60 hours respec t ive ly ,  t he  use of measurements 
from these  dead seedlings requires a comparative study of changes i n  
roo t  o r i e n t a t i o n  during t h e  3 days of germination. We have made t h i s  
study and reported on it in  d e t a i l  i n  Apri l ,  1966. 
For erect seedlings the re  i s  some f luc tua t ion  i n  the  exact loca- 
t i o n  of t he  primary roo t  t i p  as t h i s  roo t  grows dopmward with t h e  face- 
view angle f o r  any one roo t  remaining e i t h e r  s l i g h t l y  la rger  o r  smaller 
than 180' during the  t h i r d  day of growth. 
very l i t t l e  but t he  face-view angles  fo r  t h e  lateral  roo t s  change 
gradual ly  i n  the  d i r ec t ion  of the 180' l i n e  as the  increasing weight of 
t h e  t i s s u e  p u l l s  t h e  roo t  t i p  progressively lower. 
The side-view angles vary 
lhen the 3 r o o t s  develop on a hor izonta l  c l i n o s t a t ,  t he  or ien ta-  
t i o n  angle f o r  t he  face v i e w  of any one roo t  usual ly  remains c lose  t o  
t h e  angle r eg i s t e red  a t  the  end of 48 hours. Some of the  la teral  r o o t s  
show a weight e f f e c t  on or ien ta t ion  as t h e  p l an t s  are set erect before  
t h e  camera f o r  t he  later records but many o ther  roots t h a t  e longate  on 
c l i n o s t a t s  have t h e i r  t i p s  ra i sed  f a r t h e r  from t h e  180° l i n e  a f t e r  72 
hours than they were a t  48 hours, This e f f e c t  i s  due t o  s t rong roo t  
epinasty and seems t o  be associated with seedlings t h a t  a r e  growing 
vigorously.  
Analysis of t he  side-view angles f o r  roo t s  photographed a t  the  3 
s tages  of growth shows small errors of t h e  means f o r  t he  measurements 
a t  4 3 ,  60 and 72 hours. Exceptions occur when t h e  la teral  r o o t s  a r e  
too shor t  a t  43 h a w s  t o  have developed curvatlures i n  s i d e  view, o r  
when long, heavy r o o t s  on o lder  p l an t s  show t he  weight effect  as tliz 
p i c tu re s  arc taken of t he  e r e c t  s t a l k s  of seedlings.  
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This good agreement i n  t h e  or ien ta t ion  of r o o t s  grown without a 
d i r c c t i v e  e f f e c t  of grav i ty  makes it possible  t o  combine the data for 
t h e  3 s tages  of germination. Data from t h e  f l i g h t  experiment can be 
assembled f o r  comparison with the measurements obtained from t h e  simul- 
taneous c l i n o s t a t  cont ro l  experiment, As an ind ica t ion  of d i s t r i b u t i c n  
of auxin within the  elongating roots  i n  t h e  absence of geotropic rc- 
sponscs, t h e  consistency of imbalance i n  t h e  lateral  roo t s  during ti:c 
period of most rap id  growth adds f u r t h e r  t o  our knowledge of the  pecu1.- 
i a r  t ranspor t  process t h a t  r e s u l t s  in  root  epinasty,  
4. Changes i n  Orientat ion with Alternat ion of Growth r o s i t i o n  
As a c r i t i c a l  t e s t  of t h e  auxin hypothesis for cont ro l  of roo t  
o r i en ta t ion  i n  the  wheat seedling, \re have grown t h e  p lan ts  under f i r s t  
onecondition of exposure t o  g rav i t a t iona l  fo rce  and then a second con- 
d i t i o n .  
growth or? a hor izonta l  c l i n o s t a t .  
determined t o  a measureable degree by t h e  d i s t r i b u t i o n  of i t s  endoge- 
nous auxin during t h e  period of elongation, r a t h e r  than being predc- 
termined by growth regula tors  t h a t  act within t h e  embryo before o r  a t  
The cont ras t ing  posi t ions were growth erect t o  grav i ty  vs.  
If t he  o r i en ta t ion  of a roo t  t i p  i s  0 
t he  t i m e  of root emergence, a change i n  t h e  e f f e c t i v e  grav i ty  vector  
f r o m  the e r e c t  pos i t ion  t o  t h e  conditions on a hor izonta l  c l i n o s t e t ,  
o r  v i c e  versa ,  should produce changes in the o r i e n t a t i o n  of t i s s u c s  
formed af ter  the t r o p i s t i c  effects of grav i ty  are a l t e red .  
T h i s  a l t e r n a t i o n  method has been used f o r  1 7  experiments, eech 
with 1 2  or 15 seedlings groim in our holder system f o r  72 hours c f t m  
i n i t i a l  seed immersion i n  water and 8 hours of hydration by contact of 
endosperm with wet vermicul i te  before organs were formed by geraina- 
t ion .  The 72 hours of subsequent growth were divided i n t o  an i n i t i a l  




of angles measured by methods described i n  e d l i e r  repdrts. 
ard e r r o r s  of the means show the v a r i a b i l i t y  t H a t  should be considered 
The da ta  f o r  root  orientation ake there recorded as means 
The stand- 
@ 
f o r  each mean angle in evalua twg the  d i f fe rences  h orief i ta t ion under 
altered conditions.  
after a change in posi t ion ref i ec t  gkavi ta t iof ia l  effects on growth 
regula t ion  during t he  eiangatiokl process4 
Signif icant  thanges i n  o r i en ta t ioh  of t h e  root  t i p  
The average posi t ioh of t he  p r h a r y  r04t couid not be expected t o  
change much from t h a t  reached i n  the  f i r s t  posi t ion,  sifike about two- 
t h i rds  of the elongation had been completed before t h e  s h i f t  a t  the  end 
of 38 hours. The most s ign i f icant  change was that  produced in the mean 
side-view angle of about 55' a f t e r  i n i t i a l  growth on the  c l i n o s t a t ;  
during later growth i n  the erect pos i t ion  the  roo t s  grew downward enough 
t o  reduce g rea t ly  th i s  angle of displacement from the seedl ing axis .  
The lateral deviat ions (from 180°) in the face-view angles were also 
smaller in e rec t  plants .  
Table IV. Effect of Gravity on Orientation Angles of ''heat Roots 
Growth Positions 
Hours of Growth 
Prim. Root face view 
II  deviation':- 
11 11 aide view 
Left Root face view 
11 II side view 
Right Root face view 
I1 s i d e  view 
Erect --$ Clinostat 
15.3 2 2.1 53.5 .I 5.2 
Clinostat + Erect 
38 31!. 
171.3 2 5.h 171.7 2 11.0 
Deviation from 180° i n  face view % 
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iz similar d i r e c t  e f f e c t  of gravi ty  during t h e  elongation period of 
zrowth appears c l e a r l y  i n  the  data f o r  both face- and side-view angles 
of the  la teral  roo t s ,  For change of pos i t ion  e i t h e r  from erect t o  
c l i n o s t a t  or  v i ce  versa ,  tho face-view angle between t h e  roo t  and a 
180° or i en ta t ion  l ine vas la rger  when t h e  seedlings had jus t  been g r o w  
in6 on a c l i n o s t a t .  The sidc-view angle increased sharply if t h e  s h i f t  
was made t o  t h e  c l i n o s t a t  and decreased when t h e  p l a n t s  were sct erect 
t o  g rav i ty  after r o t a t i o n  f o r  38 hours i n  t h e  hor izonta l  pos it ion, 
The la rger  face-view angle between the  average la teral  r o o t  amd a 
1 GOo or i en ta t ion  after growth on a c l i n o s t a t  ind ica tes  t h e  p e r s i s t m c c  
of t he  r o o t  epinasty effect a s  the r o o t s  elongate;  a d i f f e r e n t  imbalzncc 
in growth regula t ion  causes the root  t i p  t o  be placed outs idc  t h e  plane 
of t h e  2 lateral r o o t s ,  as measured by t h e  side-view angle,  Sincc t he  
curvature  which thus d isp laces  the roo t  t i p  t o  e i t h e r  s i d e  of t h i s  pl..mc 
appears i n  both erect and c l i n o s t a t  seedl ings,  it probably represents  
va r i ab le  imbalance i n  growth of suspended r o o t s  , imperfectly cont ro l led  
by auxin d i s t r i b u t i o n  undcr t h e  influence of gravi ty  i n  erect p lan ts  
and uncontrolled by gravi ty  on a c l i n o s t a t .  
This proof of changes i n  or ien ta t ion  of roo t s  when they are changed 
from t h e  e f f e c t  of grav i ty  t h a t  may have induced a c h a r a c t e r i s t i c  
geotropic  response in  a newly formed roo t  t i p  t o  a condition lackinc 
i n  t h e  e f f e c t  of g rav i ty  has served to increase slightly t h e  time t h a t  
the  wheat seeds can be held a t e r  T-0 without degrading t h e  r e s u l t s  of 
t h e  o r b i t a l  experiment. A possible few mil l imeters  of growth of t l x  
primary roo t  during an enforced hold of a few hours can be t o l e r a t c d  
without compromising t h e  use of t h i s  roo t ’ s  final or i en ta t ion  as a c r i -  
t e r i o n  of t h e  e f f e c t  of ~7eight lessness  on growth regula t ion  i n  a r o o t .  
a 
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5. Acceptance of a Paper  bv Editor of Plant Phvsiolow 
!le reported i n  Apri l ,  1966, t h a t  c7e had submitted t h e  manuscript 
f o r  a technica l  paper on seedling physiology t o  t h e  e d i t o r  of Plant 
a nd Physiology, That paper w a s  accepted f o r  publication/ appeared i n  t h c  
Jw-e, 1966, issue.  The t i t l e  i s  “Orientation of tlheat Seedling Organs 
i n  Itelation t o  Gravity” and D r .  Katsuyuki Yokoyama i s  a co-author. 
This paper descr ibes  t h e  techniques f o r  growing grass-type secd- 
l5ngs i n  t h e  seed s t a l k s  developed f o r  t h e  b i o s a t e l l i t e  experincat ,  
r epor t s  t he  resul ts  obtained w i t h  wheat and c e r t a i n  o ther  s m a l l  gr?-iris, 
a>id preseilts an ana lys i s  of t he  act ion of growth hormones i n  re’,i:;on 
t o  t h e  force  of gravi ty .  
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v. IFSI'ECT Ior: TR IFS MID EXPER UVEMTER 1 EET IFGS 
1 . Philadelphia Conference and V i e w  of F l igh t  Hardware 
The conference on February 17-18th a t  t he  Space and Xeentry 
Systems Division of t he  General Zlectric Company b7as valuable for t h e  
introduct ion t o  our f l i g h t  hardware, t he  tes t  conditions there ,  and thc 
steps by which we s h a l l  l earn  t o  prepare our experiment on a t i g h t  
schedule f o r  incorporation of it i n t o  the  payload of t h e  spacecraf t .  
TJe w e r e  ins t ruc ted  i n  the  importance of wr i t ing  out the  p r e c i s e l y - t i w d  
s t cps  t o  be followed i n  t h e  d r i l l  t o  prepare experiments f o r  de l ivery  
on schedule t o  the  team of engineers who w i l l  load t h e  vehicle .  
In a group meeting o f t t h e  experimenters with t h e  wheat seedl ings,  
we  discussed t h e  l imi t a t ions  and methods f o r  t h e  spacecraf t  tests, t h e  
use of our t ra i le r  laboratory,  and t h e  equipment needed f o r  simulation 
of prc-launch and post-recovery operations. !le a l s o  compared notes  on 
spec ia l  methods being used i n  our home labora tor ies  t o  improve tech- 
niques f o r  g r o ~ i n g  uniform seedlings,  
2.  Lxperimenters' !!orlcshop i n  Los Angeles 
During t h e  period between similated launch and recovery of the  
lbiarch 20-24 q u a l i f i c a t i o n  test  at the  North American Aviation f a c i l i t i e s  
i n  Los Angeles, t he  experimenters took advantage of the  opportunity t o  
d r a f t  j o i n t  r e p l i e s  t o  requests  from t h e  B i o s a t e l l i t e  O f f i c e  f o r  spc-  
cif i c  information and t o  prepare "standing in s t ruc t ions"  f o r  pre-'-ari<k 
and post-recovery operations.  
:!e vrorked long hours by night and day t o  prepare ou t l ines  a i 6  ti - ' .  
tables for a l l  phases of t he  experiment. S e c r e t a r i a l  se rv ice  P E - G ~ ? T C C . ~  
t he  necessary copies of our l e t t e r s  and S. 1.'~. The times requircd for 
t h e  tasks  performed under the  t e n t a t i v e  plans f o r  t h e  Los h g e l e s  tes t  
2 4. 
* w e r e  used t o  develop a t imetable  t h a t  could be maintained by an experi-  
enced crew. D i f f i c u l t i e s  encountered through inadequate equipment and 
fo res igh t  were reviewed and noted as s i t u a t i o n s  t o  be avoided i n  later 
tests.': Personnel f o r  a l l  s t eps  in t h e  operations w e r e  designated f o r  
e 
t h e i r  s k i l l s ,  experience and a v a i l a b i l i t y .  
3. Cape Kcnnedv Inspection and Conference 
The Apri l  meeting of experimenters and o thers  involved i n  launch- 
ing the  spacecraft from Cape Kennedy gave us a clear idea of t h e  complex 
assignment t o  assemble a payload i n  cooperation with the  rocket  engi- 
neers.  
loading t h e  wheat seedling package and t o  arrange f o r  such supplemen- 
t a r y  f ac i l i t i e s  -as humidifier,  work-tables and o f f i c e  desks. 
!e were able t o  check on t h e  laboratory space provided f o r  
IJe worked a t  night  t o  perfect  our standing i n s t r u c t i o n s  and t o  
d r a f t  j o i n t  r e p l i e s  t o  reques ts  fo r  details of materials, con t ro l  ex- 
periments, personnel and technical  po in ts  needed a t  once by the admin- 
i s t r a t i v e  o f f i c e r s  of t h e  project .  
study of working ou t l ines  and provisions f o r  adequate equipment i n  t h e  
launch and recovery labora tor ies  w e r e  completed a t  Emory University i n  
Atlanta ,  Georgia, where the  wheat seedl ing experimenters from the Vest 
and Elorth gathered f o r  one day's work on the  r e t u r n  t r i p s  t o  t h e i r  
homes. 
0 
The f i n a l  s tages  i n  t h i s  j o i n t  
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J7 I. TZSTS &'ID TESTING PlOBLEMS 
1 .  BiocomDatibilitv of F l i g h t  Hardware 
A u n i t  of t he  f l i gh t - type  package, s l i g h t l y  modified from the  pro- 
totype form, was given a complete q u a l i f i c a t i o n  test  of mechanical an& 
b io log ica l  compat ibi l i ty  i n  the  fac i l i t i es  of 2Torth American Aviatio?? 
i n  Los Angeles on i4arch 20-24th. The test  was conducted with a f i z l l  
complement of p lan ts  on a t imetable of simulated hold before f l i & i t 2  
cstimated p r o f i l e s  of v ib ra t ion  and acce lera t ion  s t r e s s e s  a t  l a u x h ,  
72-hour o r b i t  (on a c l i n o s t a t )  with i n - f l i g h t  f i x a t i o n  of seedlings a t  
43 and G l  hours, reen t ry  s t r e s ses ,  and a de l ivery  time of 5 hours af ter  
recovery . 
Threc packages v7cre loaded with seed s t a l k s  a t  hourly i n t e r v a l s ,  
with seeds soaked f o r  2 hours and planted i n  about 30 minutes per pack- 
age. The f l i gh t - type  package was prepared f i r s t ,  before the  workers 
had overcome some d i f f i c u l t i e s  of new equipment and changes i n  t h e  de- 
s ign a t  one end of t h e  seed stalk.. The c l i n o s t a t  cont ro l  and erect 
cont ro l  packages w e r e  b e t t e r  prepared, p a r t l y  because the  s t a l k s  wcre 
prototype and easy t o  load properly by our es tab l i shed  methods. The 
d a t a  f o r  number of seedlings and mean lengths of t h e i r  organs a r e  assem- 
bled i n  Table V below. 
The serious problem of s o f t  and uneven vermicrtlite packing i n  all 
f l i g h t  hardware stalks and i n  some of the control package s t a l k s  m s  
considered t o  be the  cause of subnormal germination and growth tkrou$i;- 
out t hc  f l i g h t  package and i n  a few chambers of cont ro l  packages, 
Inspection of t he  seed pockets a t  t h e  close of t h e  test  confirmed 
the  fear  t h a t  loss  of contact between endosperm and vermiculite i n  t h e  
s i d e  a r m  had r e su l t ed  in many ungerminated seeds and seedlings v i t h  
suspended growth, The presence of mold on these  seeds mav have 
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contributed t o  t h e  poor or  inhibi ted growth of the embryos but the poor 
packing of t h e  s i d e  arms was probably  t h e  major reason f o r  fa i lures .  
e New methods were introduced for the  post-recovery operat ion,  such 
as 85% r e l a t i v e  humidity i n  the disassembly laboratory,  opaque cyl in-  
ders  w i t h  a basa l  supporting cup i n  each f o r  dark s torage of seed stallks 
between photography and seedling measurements? and an improved model 
of rack f o r  camera, 45O m i r r o r  and seed s t a l k  posi t ioning pins.  
new methods and others  used for pre-launch t a sks  proved successful  i n  
meeting needs for improving our procedures but c e r t a i n  fa i lures  t o  
apply them properly emphasized the need t o  have a second person check 
These 
each operation a s  t he  work i s  being done. 
Except for minor differences i n  a few cases ,  the co leop t i l e s  and 
r o o t s  of the seedlings t h a t  grew during the t e s t  were or iented as w e  
have found them t o  be i n  e a r l i e r  growth t e s t s .  The s t r e s s e s  of launch 
and r een t ry  do not appear t o  have a f fec ted  the mechanism of or ien ta t ion .  
The da ta  of pa r t i cu la r  Znterest  f o r  th i s  e s s e n t i a l  point  a re  the mean 
values of the o r i en ta t ion  angles f o r  seedling organs grown i n  the  new 
hardware and organs grown i n  prototype hardware i n  the c l i n o s t a t  
* 
cont ro l  package, shown i n  Table V on the next page. 
The f i r s t  2 e n t r i e s  i n  Table  V show excel lent  agreement of the  
means wi th in  accepted s t a t i s t i c a l  l i m i t s  except for a small d i f f e r e n c e  
i n  the face-view angle of the  r i g h t  l a t e r a l  root .  Comparison of t h t s  
measurement with t h a t  f o r  the clinostab’standard ( t h i r d  en t ry  i n  Table 
V )  shows that the p l an t s  i n  the f l i g h t  package came c loser  t o  the 
standard than d i d  the seedlings i n  the c l i n o s t a t  package. The l a rge r  
m a n  angle f o r  t h i s  measurement i n  both t e s t  packages was probably due 
t o  the l e s s  vigorous growth of  the seedlings w i t h  the  water suppl ies  
f o r  the 77-hour growth period reduced by the sub-optimal conditions 
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Table V’. Mean Or ien ta t ion  Angles of Wheat Seedling Organs 
NAA Test  of F l i g h t  Hardware - March 20-24, 1966 
Coleopt i le  Primary Root Left  Root Right Root 
Face Side Face Side Face Side Face Side Package 
F l i g h t  6.5 12.6 . Gc 38.6 270.2 91.0 86.2 95.3 
(new) S.E. 2.0 2.3 8.6 5.1 15.5 3,4 12.2 
C l i n o s t a t  6.9 12 .3  -:i- 43.4 275.3 99.2 96,9 63.3 
Control S.E. 1.2 1.6 7.3 4.0 11.7 3.1 10.2 
4 
C l i nos  t a t  ‘11.4 12.8 - 5 44.4 285.1 116.7 7 5 r l  123.7 
l e 8  3.1 1.8 4.0 Standard S.E. .8 1.4 3.0 
Erect 4.1 6.0 182,l  13-4 230.5 17.0 132.6 21.1 
Control  S.E. 09 1.1 2.0 3.0 3.3 3.3 3.2 3.1 
Erect 3.8 5.5 184.2 12b4 237.0 21.3 121.7 18.4 
Standard S.E. .4  1.8 09 1.0 1,3 1.6 144 1.3 
c 




The mean face-view angle f o r  the l e f t  roo t  i n  both c l i n o s t a t  and 
f l i g h t  packages r e f l e c t s  the same reduction i n  the ep inas t ic  curvature 
0 over that of the c l i n o s t a t  standard (285.1'). The smaller side-view 
angles f o r  l a t e r a l  roots i n  the t e s t  packages and the  reduction i n  
face-view curvature of the ( shor te r )  co leop t i l e s  of the t e s t ,  il? con- 
t r a s t  w i t h  the  corresponding data  f o r  the c l i n o s t a t  standard, a t tes . ;  
t o  the same lack of vigorous growth. 
I n  s p i t e  of these quant i ta t ive  differences i n  or ien ta t ion  of 
seedl ing organs and i n  vigor of the seedlings grown i n  the f l i g h t  
hardware f o r  the f i r s t  time, the t e s t  i n  Los Angeles proved the bio- 
compatabili ty of the new package f o r  i t s  use i n  an o r b i t a l  experiment. 
Nature of Test  
a 
2. Vibration Test i n  201 Spacecraft  
A severe v ib ra t ion  t e s t  i n  the General E l e c t r i c  Co. f a c i l i t y  a t  
Philadelphia was applied i n  an experiment t h a t  ran  f r o m  seed soaking 
on May 27th a t  0930 t o  May 30th a t  1930. A t  t h i s  time the seedling 
organs were measured a f t e r  a photographic record had been made i n  
dupl icate  on separate  f i lms,  one w i t h  the 45O mirror a t  the r i g h t  and 
the other  w i t h  the  side-view image i n  a left-hand mirror.  
29 
The v ib ra t ion  ~7as random and longi tudinal  with the  axes of t h e  
embryos, applied for about 4 minutes of simulated launch but a t  t h c  
qup-l i f icat ion level of 50% above the  forces  expected a t  launch. The 
mre  thus ungerminated. 
iaLgai&I-s- 
Thz vibra ted  package 'GIBS f l ight- type,  t ~ i t h o u t  f i x a t i o n  squibs, 
and loaded v i t h  7 3  seeds of t h e  1964 crop on G s t a l k s  t h a t  WCTC: nun- 
bered in t h e  establ ished pa t te rn  of 
s ing le  cyl inders  and s t a l k s  4 - 6 with 1 2  seeds each are spaced evenLy 
1 3 2  
5 where s t a l k s  1 - 3 a r c  i n  
Fri the large chamber. T h e  control  package was prototype and d i f f e red  
5.3 seedling plan only by having 15 seed arms on s t a l k  3 r a t h e r  than 1 2  
seeds as i n  t h e  f l i gh t - type  hardware. S t a lks  1 and 2 ca r ry  15 seeds 
i n  both types of packages. 
c edurg 
?OllOWing v ib ra t ion  of t h e  spacecraft and i t s  several experimental 
packages, the vehic le  was held i n t a c t  a t  unknobm temperatures for 
mechanical checks before disassembly and de l ivery  of t h e  t7heat scedl ing 
paclcage t o  t h e  experimenters a t  1100 on iiay 28th. The seeds had the2 
begun t o  germinate a t  the age of 25% hours from i n i t i a l  soak tine, L 5 t h  
a few primary roo t s  about 0.5 mm. long. Seeds i n  t h e  con t ro l  padkagc 
had germinated t o  a s l i g h t l y  grea te r  extent a t  t h e  laboratory tempera- 
t u r e  of 74 & I O  P. 
Short ly  before r e t u r n  of the v ibra ted  seeds,  t h e  erect, non- 
v ibra ted  s t a l k s  (with seeds 23 hours f rom i n i t i a l  soak time) were ro- 
moved f r o a  che package i n  2 groups and placed i n  jacketed cy l inders  t o  
~~ ~~ 
30 
' t r ans fe r r ed  t o  chambers mounted on hor izonta l  c l i n o s t a t s  f o r  r o t a t i o n  
a t  1 rph. S ta lks  2,  5 and 6 remained e r e c t  i n  a la rge  cyl inder  t o  
which s t a l k s  1 ,  3 and 4 of thc  vibrated package were later brouZht and. 
set  e r e c t  u n t i l  t h e  c losc  of t he  experiment. 
0 
The d i s t r i b u t i o n  of s t a l k s  of v ibra ted  seeds v7as made as Sooil c?s 
they were returned from the  spacecraft .  
i n  c l i n o s t a t  chambers and growth v7as allowed t o  proceed in all chazbzrs 
a t  laboratory temperature of 74' F. u n t i l  t h e  test vas closed v i t l i  
measurements a t  seedling age of about 82  hours. 
Lxperimental Data 
S ta lks  2 ,  5 and 6 were sealcd 
Iiean Lengths of Seedling Organs (t S. Z.) 
Treatment tfo. of 
Seed 1 ing s 
V i b r  a t  ed 
C 1 inos t a t  
Zrect 
Ilon-Vibrated 
C1 h o  st a t  
>Zr cc t 
1 4  
1 0  
1 2  
36 N e a n  
1 4  
1 2  
1 2  
38 ikan  
- 
1 5  
1 3  
1 2  
40 &an 
- 
1 3  
7 




5.8 L 1.0 
3.5 2 0 . 3  
4.8 +, 0.6 
4.9 
3.4 L 0.4 
3.8 2 0.3 
3.2 +, 0.5 
3.5 
7.6 k 0 . 6  
9.1 k 1 . 0  
4.0 ~ 0 . 6  
7.0 
3.5 +, 0.7 
3.8 k 0 . 3  
4.5 3- 0.6 
Primary 
Root 
29.7 +, 3.1 
22.0 fi 2.4 
24.2 +, 2 .4  
25.4 
19.2 1.7 
23.9 2 2.9 
20.5 2 2.0 
~- 
21.1 
29.4 A 2.9 
41.1 t 3.0 
20.8 -I- 3.0 
30.6 
23.1 +, 2.8 
23.6 2 4 .9  
25.2 e_ 1 . 8  
Left Root Right 2oot 
16.9 1 .7  18.4 1 . 3  
17.9 +, 0.9 17.7 +, 1.1 
tJ3.7 +, 1.8 13 .2  J-, 3.1 
-~ 
16.7 
14.1 1.9 12 .6  2.5 
13.8 2 2.7 14 .5  +, 1.2  
15.0 + 1.8 13 .6  +, 3.2 -
13.9  
19.7 k 2.0 17.2 3- 1 .2  
26.5 2 1.7 23 .3  2 I .? 
13.0 + 1 . 8  1Q.O 2 1 .5  - -.---- 
1 3 . 3  
13.3 0.0 1 1 . 3  j-- 1 . 7  
17 .4  + 2.5  1 3 . 3  2 3.0 
1 6 . 4  2.G 15.2 -t- 2. i :   
3 . 9  2[!. . 0 14.5 
Colic lus ions 
1. 30th vibratcd and non-vibrated seeds grew s l i g h t l y  fzstz-r on 
c l i n o s t a t s  than e r e c t ,  t h e  usual r e s u l t  t h a t  seem t o  be due t o  an even 





2, The s l i g h t l y  rcduccd ;;romh of sil-.dling organs f r o n  YJibrztcd 
sccds over non-vibratcd seeds with t h c  same grov7th coiiditions af t c s  
v ib ra t ion  time may be due t o  loss of water from t h c  s t a l k s  during 77i- 
bra t ion  but except f o r  t he  lengths of co leop t i l e s  t h a t  devclop on 
c l i n o s t a t s ,  t h c  d i f fe rcnczs  are not s t a t i s t i c a l l y  s ign i f i can t  , 
3. ;fcasurcment of t he  possible e f f e c t  of v ib ra t ion  on t h c  or3-c-n- 
t a t i o n  of seedling org.ans has not  y e t  been complcted but study of tlic 
p i c tu re s  taken a t  t h c  c lose  of the tes t  suggests no e f f e c t ,  
3 ,  Thermal-Vacuum T e s t  of 201 Spacecraft 
ifature of T e s t  
To tes t  the  spacecraft systems f o r  maintainins the  b i o s a t e l l i t c  
experiments within spec i f ied  limits of capsule temperature and pressure 
during o r b i t a l  f l i g h t ,  plus  the  behavior of t he  b io logica l  materials 
during the  t e s t ,  t h s  f u l l y  loaded and instrumented vchic le  w a s  cncloscd 
i n  a vacuum tes t  chamber € o r  3 days of simulated o r b i t .  The predicte6 
range of temperatures t7as programmed by t h e  use of electric blanlccts t o  
rep lace  so l a r  r ad ia t ion  and an enclosing r e se rvo i r  of l i qu id  ni t rogen 
t o  pzovide the  lov temperature of space. The ac tua l  environment was 
monitored and recorded from the  time of assembly through simuletcd ye- 
en t ry  by a system of telemetry l i k e  t h a t  t o  be used from t h e  o r b i c r l  
path. 
The wheat seedling experiment was included i n  t h e  payload f o r  ti:e 
t es t  of June 12-1 6 ,  19GG. The period of simulated f l i g h t  XES Jun? 1 2  
a t  1000 t o  June 16  a t  1000, prcceded by about 1 2  hours of pre-launch 
llydr-ntioii of t he  scccls and fo l lomd  by about 1 3  hours of check-outs and 
disasscmbly, The p r o f i l e  of temperaturcs f o r  t h e  seedl ings during t h e  
test  v7as character ized by 1 2  liours above 70° E’., a cold phase i n  t h e  
32 
I t e s t  chamber with capsule temperatures i n  t h e  low GO'S, a v a r m  plx-s=: of 
h i ~ h  60 's  and l o w  ~O'S, and 13 hours of temperatures f rom 6G0 t o  70° E'. 
0 iiaterials 
The test package v7as tho one used f o r  t he  201 Vibration tes t  but 
t h c  f i x a t i o n  squibs had been i n s t a l l e d  f o r  use on command a t  48 and GO 
hours a f te r  iilaunchti. Control plants  of t h e  same number w e r e  6rot.m i n  
t h c  same typc of seed stalks set i n  l u c i t e  cyl inders  and held a t  a 
temperature of about 74O F. 
Procedure 
June 1 2  E: 13 Three-hour soaking, s e l ec t ion  and plant ing of 
seeds i n  12  prepared s t a lks .  
J u n e  15 Fixat ion of plants  in chamber I a t  1000 and i n  
chamber I1 at 2200, with simultaneous photog,rz?b,y 
and measurement of seedlings from the  correspondin: 
June 16 
s t a l k s  i n  control  cyl inders .  
Close of test with p i c tu re s  and measurements of 
organs a t  seedling age of 97 hours f o r  unfixed tes t  
seedlings and 9G hours f o r  s t a l k s  111-VI of con t ro l  
plants .  
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Experimeqpl Data 
T e s t  Chamber Seeds Age Coleoptile Primary Root Lateral Eoot 
Package 1 
Lengths of Seedling Organs 
I5 69 hrs mean=0.40 mrn meanZ0.37 mm mean= 0 mm 
a -- 
--.-"I- 
mean=O. 1 3 ----- I1 15 72 mean=O. 90 mean=O. 57 - 
97 t o t a l  7.0 t o t a l  9.5 t o t a l  0 ILX 1 2  
N 12  r t  I '  14.0 11 24.5 ' I  2.5 
v 1 2  I t  16.5 It 32.5 11 18.5 
11 24.0 -- I' 27.0 " 12.0 - lr -1 2  _. V I  -_- 
I I I -v  I 48 I t  Ii 49.5 1' 93.5 ' I  45.0 
97-hr mean 1.03__mm 1.95 mm 0.47 mm 
Contro l  1 15 60 hrs mean=2.4 mm mean=l8.3 mm mean= 4 . 6  -m 
Pacltane II 15 72 hrs  mean=3.7 mean=25.5 mean=? I .2 




I 1  I' 48.5 1' 201.6 11 383.9 ITJ 1 2  
1 2  II 11 58.0 339.0 11 399.0 V 
1 2  I 1  36.0 167.0 11 211 .o - V I -
L I I - V  I 48 I t  204.5 1062.8 1' 1407.9 
96-hr mean 4.26 mm 22.14 mm 14.67 mm 
Conclusions 
I ,  The growth of the seedlings i n  the t e s t  package was i n i t k t d  
but severely inh ib i ted  by something. 
2. The normal growth i n  the control cyl inders  showed t h a t  che- in-  
h ib i to ry  f a c t o r  vas contained within the spacecraf t  s 
3 .  If it v7as not within the test  package, the retarded gro~7th 7 . m . -  
have been due t o  low temperatures, s ince  the small seedling 
organs had a normal appearance such as roo t  hairs on r o o t s  lcnz 
enough t o  bear them. 
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4 .  The unknown fac to r  must be  corrected before t h e  experiment 
can be considered ready for  use i n  t h e  b i o s a t c l l i t c  pro jec t .  
4. E f f o r t s  t o  Ident i fv  the  Cause of the  201 T-V Fai lures  
- Toxicity i n  Hardware? 
To t e s t  the  201 package f o r  possible  tox ic  compounds tha t  might 
have been released or  produced within the  polycarbonate cyl indcrs  s incc  
t h e  hardware had been used f o r  the  201 Vibration tes t ,  a 72-hour growth 
tes t  17as conducted a t  once. 
Tvo  s t a l k s  of 1 2  seeds each were prepared and i n s t a l l e d  i n  the  
large chamber without cleaning it i n  any way. 
were planted i n  2 other  s ta lks  set e r e c t  i n  separate  l u c i t e  cyl inders .  
The grovth  of t h e  seedlings from the two sources w a s  measured a t  the  
end of 72  hours with a temperature of 73 t l o  I?. 
organ lengths w e r e  as f o ~ ~ o w s :  
The same number of secds 
The means of seedling 
0 Growth i n  Coleoptile Primary Coot Lateral ;;oots 
Test Package Chamber 4.1 & 0.7 mm 24.2 & 2.2 mm 12.6 +, 1.3 mm 
3.7 t 0.3 24.9 +, 2.1 12 .7  0.9 
Control Cylinders 4.2 k 0 . 3  26.5 t 1.4 11.7 & 1.0 
3.0 0.2 23.1 +, 1.4 6.0 -I- 1 . 2  
The c lose  agreement of seedling growth in  t h e  tes t  package v 7 i t h  
t he  normal growth of the cont ro l  seedlings removed a l l  doubt t h a t  c’ie 
cause of t h e  retarded germination in  the thermal-vacuum test  might be 
i nh ib i to ry  compounds within the tes t  chambers. The seedl ings grelr wcl: 
in both containers  i n  t h e  laboratory.  
Zrrors i n  ... cport  of Spacecraft Temperatures? 
Since a l l  temperature readings were obtained from thermistor da ta  




General Z l e c t r i c  Company w a s  asked t o  v e r i f y  t h e  accuracy of i t s  &it:. 
In the  absence of any other  reasonable cause f o r  t h e  slow development 
of r o o t s  and co leop t i l e s  t h a t  appeared t o  be heal thy,  a tcmperaturc 
c lose  t o  t h e  minimum f o r  wheat germination, perhaps as low as 50' P " ,  
w a s  indicated by the  plant  growth. 
I() 
The d i r e c t o r s  of t h e  thermal-vacuum test have i n s i s t e d  t h a t  t h e i r  
data are cor rec t .  Later checks with thermocouples beside t h e i r  t he r -  
mistors have confirmed t h e  accuracy of t h e i r  measurements as reported 
by telemetry.  
Later DeveloDments 
The r epor t  period closed without a so lu t ion  t o  t h e  problem of re- 
tarded germination. 
months of study and growth t e s t s  had been devoted e n t i r e l y  t o  t h e  d i s -  
covery of t he  cause f o r  t h e  inh ib i t ion .  
~ 7 i t h  seed germination was reported on August 25th t o  o r i g i n a t c  i n  thc 
heater blankets around t h e  growth chambers but t he  real  cause for thc 
inh ib i tory  e f f e c t  of t h e  e l e c t r i c  current  within t h e  heating unitE -3 
s t i l l  unlcnovm. 
This report  could be prepared only after about 2 
The non-toxic in te r fe rence  
0 
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